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Fig. 3
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Fig. 5
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Fig. 7
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VOLTAGE GENERATOR CIRCUIT CAPABLE
OF GENERATING DIFFERENT VOLTAGES
BASED ON OPERATING MODE OF
NON-VOLATILE SEMICONDUCTOR
MEMORY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Korean Patent Applica-
tion No. 10-2006-0082378, filed on 29 Aug. 2006, which 1s
incorporated herein by reference.

TECHNICAL FIELD OF THE INVENTION

The present invention relates generally to voltage genera-
tor circuits and methods for operating non-volatile semicon-
ductor memory devices and, 1in particular, multi-voltage gen-
erator circuits for use with non-volatile memory such as
FLASH memory devices, which are designed to selectively
generate different types of control voltages for various oper-
ating modes of non-volatile memory devices.

BACKGROUND

In general, non-volatile memory devices are solid state
memory devices having memory cells that can retain stored
data without electrical power or otherwise having to be peri-
odically refreshed. There are various types of non-volatile
memory including, for example, ROM (read only memory),
PROM (programmable read-only memory), EPROM (eras-
able programmable read-only memory), EEPROM (electri-
cally erasable programmable read-only memory) and Flash
memory (also referred to as Flash EEPROM). Among the
various types ol non-volatile memory, flash memory tech-
nologies offer high density, low cost, high-speed data read,
and electrically reprogrammable nonvolatile memory solu-
tions, which are commonly used 1n various applications such
as embedded applications. Flash EEPROM memory devices
can be designed having NOR type or NAND type flash
memory cell frameworks, as 1s known 1n the art. As compared
to NOR type flash memories, NAND type flash memory
provides a level of integration and a memory capacity similar
to that of dynamic RAM, and 1s thus commonly used.

FIG. 1 1s a schematic block diagram of a flash memory
device (10) having a conventional architecture. In general, the
flash memory device (10) includes high-voltage generator
circuits (100), row decoder and control circuits (110) (or
X-decoder), a memory cell array (140), a page butter (150), a
column decoder (or Y-decoder) and I/O butter (160) and a
program controller (170). The voltage generator circuits
(100) comprises a high voltage (Vpp) generator (101), a
selection voltage (Va) generator (102), a program voltage
(Vpgm) generator (103), a pass voltage (Vpass) generator
(104), and a read voltage (Vread) generator (105), for gener-
ating various voltages that are used to operate the flash
memory during program, read, erase operations, etc., as dis-
cussed below.

The memory array (140) comprises a plurality of transis-
tors arranged 1n a matrix of rows and columns and having
memory cells that are partitioned 1nto a plurality of n memory
blocks MB1~-MBn (generally, MB1). The memory array
(140) 1includes a set of row control lines that are applied to
cach memory block MBi. For instance, as shown in FIG. 1,
row control lines input to the memory block MB1 include a
string select line SSL, ground select line GSL and wordlines

WL0~WL31. The row control circuit block (110) selectively
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2

activates the row control lines SSL, WL0~WL31 and GSL by
applying driving voltages that are used in memory program-
ming operations, erase operations or read operations.

A plurality of bit lines BL1~-BLm (generally, BL1) are
arranged 1n parallel and extend through all memory blocks
MB1~MBn of the array (140). Each bit line BL1~BLm 1s
operatively connected to the page bufier (150) and column
decoder and I/O butier blocks (160), which implement known
functions and circuitry for reading data stored 1n the memory
cells, for determining the states of memory cells during pro-
gramming operations, for controlling potential levels of the
bit lines BL1 for various operating modes, and for storing data
to be stored to, or read from, the memory cells. The program
controller (170) generates control signal to control the tunc-
tions of the column control and I/O buffer circuitry (150,
160), the row control circuitry (110) and the high-voltage
generator circuits (100).

The memory array (140) depicted 1n FIG. 1 has a NAND
type flash EEPROM memory framework, in which each
memory block MB1 includes a plurality of strings (or,
“NAND strings”) of serially connected floating gate
EEPROM transistors, which are connected to corresponding
ones of the bat hnes BL1~BLm 1n each memory blocks
MB1~MBn. For illustrative purposes, only one memory cell
block, MB1, 1s i1llustrated 1n detail in FIG. 1 having a plurality
of NAND strings of 32 EEPROM cell transistors M0~M31
connected 1n series between a source of a string select tran-
sistor SST (first select transistor) and a drain of a ground
select transistor GST (second select transistor). Although
FIG. 1 depicts an embodiment where each NAND cell unit 1s
formed o1 32 EEPROM floating gate transistors, NAND cells
can be formed with 8 or 16 memory cells, for example.

For each NAND string, the drain of the SST 1s connected to
a corresponding bit line BL1 and the source of the GST 1s
connected to the common source line CSL. In this regard,
cach NAND string 1s connected between a corresponding bit
line BL1 and reference potential provided on the CSL. The
selection line SSL 1s commonly connected to the gate termi-
nals of each SST 1n the same row of the memory block MB1,
the selection line GSL 1s commonly connected to the gate
terminals of each GS'T 1n the memory block MB1. The control
gates of the EEPROM memory cell transistors M0~M31 1n
cach NAND string are commonly connected to respective
word lines WL0O~WL31.

The row control circuit block (110) generally operates by
decoding received address signals and selectively activating
the string select line SSL, wordlines WL0~WL31 and the
ground select line GSL with driving voltages that are needed
1n a program operation, an erase operation or aread operation.
The row control circuit block (110) comprises a block
decoder/driver circuit (113), a line driver block (120), and a
pass gate block (130).

The line driver block (120) comprises a plurality of drivers
including a string select (SS) driver (121), a word line select
(S1) driver (122) and a ground select (GS) driver (123), which
generate driving voltages that are output on respective selec-
tion signal lines SS, SO~S31, and GS. The selection signal
lines SS, S0~S31 and SGS are activated to the required volt-
ages by the corresponding selection circuits (or driving cir-
cuits) based on row address decoding information PA. The
string select driver (121) generates and outputs string select
driving signals on the SS selection line, the S1 driver (122)
generates and outputs wordline driving signals on selection
lines S0~S31, and the GS driver (123) generates and outputs
ground select driving signals on the GS selection line GS.

The pass gate block (130) includes high-voltage pass tran-
sistors PGS, P0~P31 and PSS (or generally, P1). The ground
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selection line GSL, wordlines WL0~WL31, and string selec-
tion line SSL are respectively connected to the GS, S0~S31
and SS selection signal lines through respective pass transis-
tors PGS, P0~P31 and PSS 1n the pass gate block (130). The
gate terminals of the pass transistors Pi1 1n the pass gate block
(130) are commonly connected to a block wordline that 1s
connected to the output of the block selection decoder/driver
unit (115). The block selection unit (115) selectively gener-
ates a control signal BLKWL in response to a decoded
address signal BA (block address) to drive the pass gate
transistors Pi1. The block selection unit (115) generates the
block wordline control signal BLK WL using the VPP voltage
signal generated and output from the high voltage generator
(101).

The operation of a NAND type flash EEPROM memory as
depicted in FIG. 1 will now be described 1n further detail with
reterence to FIGS. 7~10. FIG. 7 illustrates an EEPROM
memory cell (60) having a control gate (61) and floating gate
(62) stacked above a channel region (63) between drain/
source diffusion regions (64) 1n the active region of a semi-
conductor layer (65). The control gate (61) 1s coupled to a
wordline of the memory array. As 1s well understood in the
art, the EEPROM memory cell (60) can be programmed using
a Nordheim-Fowler cold tunneling process, wherein the
floating gate (62) 1s programmed to store an amount of elec-
tric charge that corresponds to the data stored 1n the cell (60).
In an erasing operation, control voltages are applied so that
clectrons are removed from the floating gate (62) to the chan-
nel region (63 ) and 1n a programming operation, electrons are
injected into the floating gate (62) from the channel region
(63) by Fowler-Nordheim (F-N) tunneling.

Depending on the application, the EEPROM memory cells
can be operated with various storage level ranges per cell. In
Single Level Cell (SLC) technology, each EEPROM memory
cell can store 1 bit of data using two voltage levels, whereas 1n
Multi-Level Cell (MLC) technology, each EEPROM memory
cell can store 2 bits of data per cell, using four voltage levels.
FIG. 8 1s an exemplary 1llustration of threshold voltage dis-
tributions for a plurality of EEPROM floating gate transistors
forming an array EEPROM memory cells wherein each
EEPROM memory cell 1s programmed 1n a binary mode to
have one or two programming states. The curve 71 represents
a distribution of threshold levels of those EEPROM memory
cells within a memory array that are 1n an erased state (“1”
data state), wherein the threshold voltage levels range from
—1~-3 volts. The curve 72 represents a distribution of the
threshold levels ol those memory cells within an array that are
in a programmed state (“0” data state), wherein the threshold
voltage levels range from 1~3 volts. The voltages Vo and V1
represent the verily voltage levels for the diflerent states that
are determined during programming operations and R1 (e.g.,
OV) represents a read voltage that 1s used to read the state of
the EEPROM memory cells 1n the binary mode.

A NAND type flash memory array such as the array (140)
depicted 1n FIG. 1 typically performs a programming opera-
tion by erasing memory cell data block by block (sector by
sector) and then programming the memory cells 1n the erased
memory block i page units. A page may be defined to have a
page size that 1s the same or smaller than the number of
memory cells M1 commonly connected to the same wordline
WL1 1n the memory array and accessed at the same time. For
instance, in the memory cell array (140) of FIG. 1, the number
m of bit lines (columns) may be 8,512, which are logically
divided into interleaved even and odd columns, such that a
given wordline WLI 1s partitioned 1nto an odd and even page,
cach containing 4,256 memory cells (or 532 bytes). Since
each block MB1 contains 32 wordlines, each block MBi1 can
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4

be considered as having 64 pages, partitioned into two sub
blocks of 32 pages, where each sub-block can be considered
a block unit for an erase operation.

The data stored 1n each memory block MB1 can be simul-
taneously erased prior to programming. A block erase process
can be performed by raising the bulk substrate voltage to an
erase voltage Verase of, for example, 20V and grounding the
word lines of the selected unit block while placing the bit lines
(BL), select lines SSL, GSL and common source line CSL of
the unit block 1n a floating state. In a binary programming
mode, the memory cells are programmed 1nto an “erased”
state having voltage thresholds that may vary in the range of
—1v to -3v, as depicted 1n FIG. 8. Following a block erase
operation, the memory cells within the unit block can be
programmed on a unit page basis, as discussed below with
reference to FIGS. 9 and 10.

FIGS. 9 and 10 schematically illustrate a programming
operation of a NAND type flash memory device according to
a conventional process. FI1G. 9 schematically 1llustrates a unit
block (90) of memory cells 1n the memory array (140) of FIG.
1, where it 1s assumed that the memory cells M1 of a selected
wordline WL1 for the unit block (90) represents a unit page
that 1s selected for programming. FIG. 10 1llustrates control
voltages that are applied to selected and unselected wordlines
in of the unit block (90) FIG. 9 to program memory cells Mi
of the selected wordline Wi.

Retferring to FIGS. 9 and 10, the memory cells are pro-
grammed during a program execution period by driving the
applying a programming voltage Vpgm to the selected word
line WL1 with a programming voltage Vpgm and grounding
the selected bit line(s) (1.e., bit lines connected to NAND cell
units having EEMPROM cells Mi to be programmed from an
erase state), while driving the unselected word lines with a
pass voltage Vpass, for example 8~10V, and charging the
unselected bit lines to VDD, for example 3V. Moreover, the
select signal line SSL 1s connected to VDD and the select
signal line GSL 1s grounded (OV).

In one technique known as ISPP (incremental step pulse
programming), the programming voltage Vpgm applied to
the selected WLi1 1s a pulsed signal that 1s incrementally
applied to the selected wordline WL1 and stepped up (e.g.,
step size 01 0.5 V) from a 1initial voltage (e.g., 15V) to a higher
level (e.g., 18~20V) 1s sequential program execution periods.
In periods between the Vpgm pluses, program verily opera-
tions are performed to read the programmed level of each cell
being programmed to determine whether the programmed
level 1s equal to or greater than the verily voltage level Vviy
associated with the target programming state.

More specifically, in a read and verily operation, the a read
pass voltage Vread o1 4.5V~5V, for example, 1s applied to the
selection lines SSL and GSL and the unselected word lines to
make the transistors SST, GS'T and unselected memory cells
operate as pass gates. Moreover, the selected word line WLi11s
driven by a voltage that is specified for a given read and verity
operation to determine whether a threshold voltage of the
given memory cell has reached a target voltage threshold
level. The selected bit lines are precharged to a high level, for
example 0.7 V. If the threshold voltage 1s higher than the read
or verily level, the potential level of the selected bit line
maintains the high level, whereas 11 the threshold voltage 1s
lower than the read or venity level, the potential level of the
selected bit line decreases to a lower level.

As depicted 1in FIG. 10, during a programming operation,
the control voltages Vpgm and Vviy are sequentially applied
to the selected wordline WL1 in respective program execution
and verity read periods of a programming cycle. Moreover,
the pass voltages Vpass and Vread are sequentially applied to
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the unselected wordlines 1n respective program execution and
verily read periods of the programming cycle. In the conven-
tional memory architecture of FIG. 1, the Vpass and Vread
pass voltages are high voltages (greater that supply voltage
VDD) that are both applied sequentially to the same unse-
lected W/Ls during program or verily operations, but are
generated by diflerent voltage generators (104) and (105).

SUMMARY OF THE INVENTION

Exemplary embodiments of the invention generally
include voltage generator circuits and methods for operating
non-volatile semiconductor memory devices. More specifi-
cally, exemplary embodiments of the invention include multi-
voltage generator circuits for use with non-volatile memory
such as FLASH memory devices, which are designed to
selectively generate different types ol control voltages for
various operating modes of non-volatile memory devices.

In one exemplary embodiment of the invention, a semicon-
ductor memory device comprises a memory array and a high-
voltage generator unit to generate different constant voltages
that are applied to the memory array to perform erasing,
programming and reading operations. The memory array
comprise blocks of non-volatile memory cells, where each
block of memory cells comprises a plurality of word lines
cach connected to a row of non-volatile memory cells in the
block. The memory array may comprise a Flash memory. The
high voltage generator unit comprises a first voltage generator
circuit that selectively generates a programming pass voltage
(Vpass) 1n response to a first control signal, which 1s com-
monly applied to unselected word lines of a memory block
during a programming operation or a read voltage (Vread) 1in
response to a second control signal, which 1s commonly
applied to the unselected word lines of a memory block dur-
Ing a programming verification operation.

In another exemplary embodiment, the first voltage gen-
erator circuit includes an oscillator circuit, a charge pump
unit, and a detection unit. The oscillator circuit generates an
oscillating signal. The charge pump umt step-ups a power
supply voltage 1n response to the oscillating signal applied to
an iput to the charge pump unit. The detection unit 1s respon-
stve to the first control signal to maintain an output voltage
level at the output of the charge pump unit at Vpass during the
programming operation. The detection unit 1s also responsive
to the second control signal to maintain the output voltage
level at the output of the charge pump unit at Vread during the
programming verification operation.

In one exemplary embodiment of the invention, the detec-
tion unit comprises a first input port to mput the first control
signal, a second 1nput port to input the second control signal,
a third input port to input the oscillating signal output from the
oscillating circuit, a fourth input port coupled to the output of
the charge pump unit to detect the output voltage level at the
output of the charge pump unit, and a first output port,
coupled to an mput of the charge pump unit, to selectively

apply the oscillating signal to the mput of the charge pump
unit.

In another exemplary embodiment, the detection unit com-
prises a voltage sensor circuit connected to the output of the
charge pump unit to sense the output voltage level, a com-
parator connected to the voltage sensor circuit to compare a
sensed output voltage level with a reference voltage level and
output a comparison signal and an oscillator iput control
circuit that 1s responsive to the comparison signal to control
the mput of the oscillator signal to the charge pump unit in
response to the comparison signal.
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The voltage sensor circuit may comprises a voltage divider
circuit having a variable resistor and constant resistor con-
nected 1n series between the output of the charge pump unit
and ground, and a sense node connected between the variable
resistor and constant resistor, wherein the sense node 1s con-
nected to an mverting input of the comparator. A resistance
value of the varniable resistor may be set to either a first value
in response to the first control signal input to the detection unit
during the programming operation or a second value 1n
response to the second control signal 1mnput to the detection
unit during the programming verification operation.

In another exemplary embodiment, the voltage divider cir-
cuit may comprises a plurality of resistors serially connected
between an output node of the charge pump unit and the sense
node, a plurality of transistor switches, where each transistor
switch 1s connected 1n parallel to a corresponding one of the
plurality of sernially connected resistors, and a switch control
circuit, responsive to the first and second control signals, to
selectively activate one or more of the transistor switches to
set a variable resistance value between the output node of the
charge pump unit and the sense node based on the first control
signal or the second control signal.

These and other exemplary embodiments, aspects, objects,
features and advantages of the present invention will become
apparent from the following detailed description of exem-
plary embodiments, which 1s to be read in connection with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic block diagram of a flash memory
device having a conventional architecture.

FIG. 2 1s a block diagram of a flash memory device imple-
menting a multi-voltage generator according to an exemplary
embodiment of the mnvention.

FIG. 3 1s a high-level schematic block diagram of a multi-
voltage generator according to an exemplary embodiment of
the invention.

FIG. 4 1s a schematic block diagram of a multi-voltage
generator according to another exemplary embodiment of the

invention, which 1s based on the general circuit topology of
FIG. 3.

FIG. 5 1s a schematic circuit diagram of a programmable
variable resistance circuit according to an exemplary embodi-
ment of the invention, which may be implemented in the
multi-voltage generator of FIG. 3 or FIG. 4.

FIG. 6 1s an exemplary timing diagram to 1llustrate a mode
of operation of a multi-voltage generator circuit of FIG. 3 or
4 according to an exemplary embodiment of the invention.

FIG. 7 illustrates an EEPROM floating gate transistor that
forms a conventional memory cell.

FIG. 8 1s an exemplary 1llustration of threshold voltage
distributions for a plurality of EEPROM floating gate transis-
tors forming an array of EEPROM memory cells wherein
cach EEPROM memory cell 1s programmed 1n a binary mode
to have one or two programming states, according to a con-

ventional process.

FIG. 9 schematically illustrates a unit block of memory
cells of a flash EEMPROM memory array having a conven-
tional framework.

FIG. 10 1s an exemplary waveiorm diagram that i1llustrates
control voltages that are applied to selected and unselected
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wordlines 1n the unit block of memory cells of F1G. 9 using a
conventional programming operation.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

FI1G. 2 1s a block diagram of a flash memory device imple-
menting a multi-voltage generator according to an exemplary
embodiment of the mnvention. In particular, FIG. 2 schemati-
cally illustrates a flash memory device (20) having a multi-
voltage generator (200) that can selectively generate either
Vpass or Vread control voltage based on the operating mode
of the flash memory device (20). The exemplary flash
memory device (20) has an architecture that 1s essentially
similar to that of the flash memory device (10) of FIG. 1,
except that the separate Vpass and Vread generators (104 ) and
(105) 1n FIG. 1 are replaced with a single, integrated multi-
voltage generator (200). As noted above, 1n the conventional
scheme of FI1G. 1, Vread and Vpass voltages are applied to the
same unselected W/Ls during program or verily operations,
but are generated by different voltage generators. With the
exemplary framework of FIG. 2, a savings 1n silicon real
estate and higher integration can be realized by combining the
Vpass and Vread into an integrated voltage generator. The
operation of the flash memory device (20) 1s essentially the
same as that of FIG. 1 as discussed above, and thus, a detailed

explanation of the constituent components and functions will
not be repeated 1n detail.

FIG. 3 1s a schematic block diagram of a multi-voltage
generator according to an exemplary embodiment of the
invention. In particular, FIG. 3 schematically illustrates an
exemplary embodiment of the multi-voltage generator (200)
which can be implemented 1n the flash memory device (20) of
FIG. 2 to selectively generate VPass or Vread voltages as
required for different operating modes of the flash memory
device (20). The multi-voltage generator (200) comprises a
general framework that comprises an oscillator (205), a level
detector circuit (210), a voltage pumping circuit (220), and a
voltage precharger circuit (230). The multi-voltage generator
(200) 1s responsive to control signals Vpass_En, Vread_En
and Vgen_En to selectively generate Vpass or Vread voltage
at an output node N1.

The multi-voltage generator (200) generally operates as
tollows. The oscillator (205) generates a sinusoidal signal
OSC having a given frequency. The output signal OSC of the
oscillator (203) 1s selectively output to the voltage pumping
unit (220) as a clock signal CLK under control of the level
detector circuit (210) according to the state of the control
signals Vpass_En, Vread_En and Vgen_FEn applied as inputs
to the level detector circuit (210). The voltage pumping unit
(220) sequentially steps up the voltage at node N1 to generate
Vpass or Vread 1n response to the CLK signal

The voltage level at the output node N1 1s fed back to the
level detector unit (210), which detects the voltage level at
node N1. The level detector unit (210) 1s enabled 1n response
to control signal Vgen_En and Vpass_En to detect a condition
when the voltage at N1 1s charged to Vpass, and enabled in
response to control signals Vgen_En and Vread_En to detect
when the voltage at N1 1s charged to Vread. When the voltage
at node N1 has reached the desired level Vpass or Vread based
on the operating mode, the level detector circuit (210) deac-
tivates the CLK signal to disable the charge pumping opera-
tion ol the voltage pumping unit (220) and maintain the
voltage at N1 at Vpass or Vread. The voltage precharging
circuit (230) discharges the voltage Vread or Vpass at node
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N1 to a power supply voltage VDD 1n response to control
signal PC_FEn during a recovery operation between program-
ming and read operations.

It 1s to be understood that FIG. 3 illustrates a high-level
framework for implementing a multi-voltage generator
according to an exemplary embodiment of the invention,
which can be implemented using any suitable circuit topol-
ogy to realize the functionalities described herein. For
instance, an exemplary embodiment of the multi-voltage gen-
erator circuit (200) of FIG. 3 1s depicted 1n FIG. 4, which
illustrates exemplary embodiments of the level detector cir-
cuit (210) and voltage pumping circuit (220). Referring to
FIG. 4, the voltage pumping unmt (220) may comprise a
charge pump driver (221) and a charge pump circuit (222).
The level detector circuit (210) may comprise a level control
circuit (211), a programmable voltage divider circuit (212)
and comparator (215). The voltage divider circuit (212) com-
prises a programmable variable resistance circuit (213), a
fixed resistance Rg and a control switch (214) (e.g., NFET)
serially connected between node N1 and a ground voltage
supply terminal VSS. The programmable variable resistance
circuit (213) has an input terminal connected to node N1 and
control mputs that receive control signals Vpass_En and
Vread_En. The control switch (214) has a gate terminal that
receives the control signal Vgen_En. An output node N2 of
the voltage divider circuit (212) 1s connected to an inverting,
input of the comparator (215). A reference voltage VREF 1s
applied to the non-inverting terminal of the comparator (215).
The output Vo of the comparator (215) 1s applied as a control
input to the level control circuit (211).

The multi-voltage generator (200) 1n FIG. 4 operates gen-
crally as follows. The level control circuit (211) recerves the
OSC signal output from the oscillator (205) and selectively
outputs the OSC signal as a CLK signal to the charge pump
driver (221) 1n response the control voltage VO output of the
comparator (215). The level control circuit (211) may be
implemented using any suitable circuit that can generate a
square wave signal CLK corresponding to the sinusoidal sig-
nal OSC. For instance, the level control circuit (211) may
comprise a NAND circuit and inverter connected to the output
of the NAND circuit, wherein the OSC signal and control
signal Vo are applied to inputs of the NAND circuit.

The charge pump driver (221) recerves clock signal CLK
output from the level control circuit (211) and generates
complementary charge pumping clock pulse signals ¢, ¢,
which are used to drive the charge pump circuit (222). The
charge pump driver (221) may comprise any suitable circuit
that can generate complementary clock signals from a clock
signal CLK input. The charge pump circuit (222) may com-
prise any suitable circuit, which can generate an output volt-
age Vpass or Vread, which 1s larger than a supply voltage
VDD from which 1t operates.

The charge pump circuit (222) drives the output voltage at
node N1 to Vpass or Vread under control of the level detector
circuit (210) as follows. The voltage at node N1 1s input to the
voltage divider (212), where the voltage at node N1 1s divided
according to a programmable resistance ratio provided by
variable resistance (213) and the fixed resistance Rg to gen-
erate a divided voltage VDIV at output node N2. The divided
voltage VDIV 1s applied to the inverting terminal of the com-
parator (215). Te comparator (215) compares the reference
voltage VREF having a predetermined level with the divided
voltage VDIV at node N2 and generates an output voltage VO
based on the comparison result which serves as a control
signal applied to the level control circuit (211).

In particular, when the divided voltage VDIV 1s lower than
the reference voltage VREF, the voltage output Vo 1s set at
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“logic high” level (logic “1”) to activate the level control
circuit (211). Thus, the mput signal OSC 1s transierred to the
charge pump driver circuit (221) as the CLK signal, which
causes the charge pump circuit (222) to step up the voltage at
node N1. Meanwhile, 1f the divided voltage VDIV 1s the same
or greater than the reference voltage VREF, the voltage output
Vo of the comparator 1s set at a logic “low” level (logic “07) to
deactivate the level control circuit (211). As a result, the
output signal OSC of the oscillator (203) 1s not transterred to
the charge pump driver (221) and the charge pump (202) does
not operate.

The control signals Vpass_En and Vread_En are applied to
the programmable variable resistance circuit (213) and con-
trol voltage Vgen_En 1s applied to the gate terminal of control
switch transistor (214). The control voltage Vgen_En 1s
applied to activate/deactivate the voltage detection and con-
trol functions of the voltage detector circuit (210). When an
enabling control signal Vpass_FEn 1s applied to the program-
mable wvaniable resistance circuit (213), the resistance
between nodes N1 and N2 1s set to provide a resistance ratio
so that VDIV at node N2 1s the same or greater than the
reference voltage VREF when the voltage at node N1 reaches
the voltage level Vpass. When an enabling control signal
Vread_En 1s applied to the programmable variable resistance
circuit (213), the resistance between nodes N1 and N2 1s setto
provide a resistance ratio so that VDIV atnode N2 is the same
or greater than the reference voltage VREF when the voltage
at node N1 reaches the voltage level Vread.

FIG. 5 1s a schematic circuit diagram of a programmable
variable resistance circuit according to an exemplary embodi-
ment of the mvention. In particular, FIG. 5 illustrates an
exemplary embodiment of a programmable variable resis-
tance circuit (213) that may be implemented in the multi-
voltage generator (200) of FIG. 4. In general, the program-
mable varniable resistance circuit (213) includes a resistor
chain (213_1) comprising a plurality of resistors R1~R3
(213_1), a switch circuit (213_2) comprising a plurality of
switches S1~585 and a switch control circuit (213_3). The
resistors R1~R3S are serially connected between nodes N1 and
N2, where node N1 1s connected to the output terminal of the
charge pumping circuit (220) in FIG. 4 and where node N2 1s
the output node of the voltage divider (212) that connected to
the inverting input of the comparator (215) as 1n FIG. 4.

Each resistor R1~RS 1s connected in parallel to a corre-
sponding switch SL~S3. In the exemplary embodiment, the
switches S1~S5 are mmplemented as NMOS (N-channel
metal oxide semiconductor) transistors having drain and
source terminals connected across each corresponding resis-
tor R1~RS and gate terminals connected to the switch control
circuit (213_3). The values of the resistors R1~RS vary from
one another.

The control signals Vpass_En and Vread_FEn are applied to
control mputs to the switch control circuit (213_3). The
switch control circuit (213_3) generates control signals that
are applied to the gate terminals of the transistor switches
S1~S5 based on the logic state of the control signals Vpas-
s_En and Vread_En. In particular, the switch control circuit
(213_3) applies control voltages to the gate terminals of the
NMOS switches S1~S5 to selectively activate and deactivate
the switches to change the total resistance between nodes N1
and N2. When a given switch S1 1s activated, the correspond-
ing resistor Ri1 1s essentially short circuited, wherein 1 con-
trast, when a given switch S11s deactivated, the corresponding,
resistor Ri remains as part of the resistor chain (213_1) and
adding to the total variable resistance between nodes N1 and
N2. The amount of resistors and/or magnitudes of the various
resistors in the resistor chain (213_1) and the value of the
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fixed resistance are selected to achieve a desired granularity
of different levels of Vpass and Vread voltages that can be
generated and detected for a wide range of applications.

The voltage precharging circuit (230) discharges the volt-
age Vread or Vpass at node N1 to the power supply voltage
VDD 1n response to precharge control signal PC_En during a
recovery period of operation of the flash memory device
following programming and read operations. During pre-
charging, the control signal Vgen_En 1s applied to deactivate
the control switch (2135) so that the node N1 can be pre-
charged/discharged and the voltage divider circuit (213) 1s
disabled such that no current flows from node N1 1into the
voltage divider (213) (1.e., input to inverting terminal of com-
parator (15) 1s floating).

FIG. 6 1s an exemplary timing diagram to 1llustrate a mode
of operation of a multi-voltage generator circuit (200) of FIG.
3 or4 according to an exemplary embodiment of the invention
In particular, FIG. 6 depicts various wavetforms including (a)
voltage wavelorm of node N1 at the output of the multi-
voltage generator (200) during one cycle of a programming/
read operation, 1n response to control signal wavetforms (b)
Vpass_En, (¢) Vread_En, (d) PC_en and (¢) Vgen_en.

In the exemplary diagram, in the time period between to
and t1, the level control circuit (210) 1s deactivated 1n
response to alogic “0” level of the Vgen_En control signal (e)
and the voltage at node N1 in wavetorm (a) 1s precharged to
VDD by the precharger circuit (230). During the time period
t0~t1, the precharger circuit (230) 1s activated 1n response to
a logic “1” level of the PC_En control signal (d).

During the time period from t1~12, a programming opera-
tion 1s performed where a selected wordline 1s biased to a
programming voltage Vpgm and the unselected wordline 1s
biased to pass voltage Vpass. At time t1, the control signal
Vgen_en transitions to logic “1” to enable the level detector
circuit (210) and the PC_en control signal (d) transitions to
logic “0”” to deactivate the precharger circuit (230). In addi-
tion, the Vpass_FEn signal (b) 1s set to logic “1.” Attime t1, the
control signal Vpass_FEn 1s enabled (logic “1”), causing the
voltage output of the multi-voltage generator at node N1 to
step up to Vpass, as illustrated in waveform (a). The Vpass
output 1s applied to the line driver circuit (122) of FIG. 2
which applies the Vpass to the unselected W/Ls during the
program execution period between t1~t2.

The time period 12~t3 1s a period of time following the
program operation 1n which the voltage output at node N1 1s
precharged to VDD. At time 12, the Vpass_FEn control signal
(b) 1s disabled (logic “07), the PC_en signal (d) 1s enabled
(logic “17) and the Vgen_en control signal (e) 1s disabled
(logic “0”). In this state, the voltage detector circuit (210) 1s
deactivated, and the voltage at node N1 1s discharged from the
voltage level Vpass to VDD.

Following the precharge period, a read/verity operation 1s
performed during the time period t3~t4. At time t3, the
Vread_En control signal 1s enabled (logic 1), the PC-en con-
trol signal 1s disabled (logic “0”) and the Vgen_en control
signal 1s enabled (logic “17°), which causes the multi-voltage
generator (200) to generate the Vread voltage. In particular,
during the period t3~t4, the voltage wavelorm (a) at node N1
increases from the precharged level VDD to Vread and 1s
maintained at Vread. The Vread voltage at node N1 1s applied
to the line driver circuit (122) of FIG. 2 which drives the
Vpass voltage to the unselected W/Ls during the read/verily
period. At time t4, a precharge operation 1s performed to
discharge the voltage at node N1 from the voltage level Vread
to VDD.

It 1s to be understood that voltage generating circuits and
methods discussed herein have application to various types of
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non-volatile memories, those currently existing and those
contemplated to use new technology being developed, and are
not necessarily limited to flash EEPROM memory applica-
tions. Exemplary embodiments of the invention have been
described herein with respect to a flash electrically-erasable
and programmable read-only memory (EEPROM) for 1llus-
trative purposes, and should not be considered as placing a
limitation to the scope of the mnventions.

In this regard, although exemplary embodiments have been
described herein with reference to the accompanying draw-
ings, 1t 1s to be understood that the invention 1s not limited to
the exemplary embodiments described herein, and that vari-
ous other changes and modifications may be readily envi-
sioned by one of ordinary skill in the art without departing
form the scope or spirit of the invention. All such changes and
modifications are intended to be included within the scope of
the invention as defined by the appended claims.

We claim:

1. A semiconductor memory device, comprising;:

amemory array comprising blocks of non-volatile memory

cells, where each block of memory cells comprises a

plurality of word lines each connected to a row of non-

volatile memory cells 1n the block; and

a high-voltage generator unit to generate difierent constant
voltages that are applied to the memory array to perform
erasing, programming and reading operations;

wherein the high voltage generator unit comprises a first
voltage generator circuit that selectively generates a pro-
gramming pass voltage (Vpass) or a read voltage
(Vread) 1in response to signals associated with an opera-
tion mode, and which commonly applies the selectively
generated voltage to unselected word lines of a memory
block,

wherein the first voltage generator circuit comprises:
an oscillator circuit to generate an oscillating signal;

a charge pump unit to step-up a power supply voltage in
response to the oscillating signal applied to an inputto
the charge pump unit; and

a detection unit which 1s configured to maintain an out-
put voltage level of the charge pump unit at Vpass
during the programming operation, and which 1s con-
figured to maintain the output voltage level at the
output of the charge pump unit at Vread during the
programming verification operation.

2. The semiconductor memory device of claim 1, wherein
the detection unit comprises:

a first input port to mput the first control signal;

a second mput port to input the second control signal;

a third input port to input the oscillating signal output from

the oscillating circuit;

a fourth input port coupled to the output of the charge pump
unit to detect the output voltage level at the output of the
charge pump unit; and

a first output port, coupled to an mput of the charge pump
umt, to selectively apply the oscillating signal to the
input of the charge pump unit.

3. The semiconductor memory device of claim 1, wherein

the detection unit comprises:

a voltage sensor circuit connected to the output of the
charge pump unit to sense the output voltage level;

a comparator connected to the voltage sensor circuit to
compare a sensed output voltage level with a reference
voltage level and output a comparison signal; and

an oscillator input control circuit that 1s responsive to the
comparison signal to control the input of the oscillator
signal to the charge pump unit 1n response to the com-
parison signal.
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4. The semiconductor memory device of claim 3, wherein
the voltage sensor circuit comprises:

a voltage divider circuit having a variable resistor and
constant resistor connected in series between the output
of the charge pump unit and ground; and

a sense node connected between the variable resistor and
constant resistor, wherein the sense node 1s connected to
an mverting iput of the comparator.

5. The semiconductor memory device of claim 4, wherein

a resistance value of the variable resistor 1s set to either a first
value 1n response to the first control signal 1nput to the detec-
tion unit during the programming operation or a second value
in response to the second control signal input to the detection
umt during the programming verification operation.

6. The semiconductor memory device of claim 4, wherein
the voltage divider comprises:

a plurality of resistors serially connected between an out-

put node of the charge pump unit and the sense node;

a plurality of transistor switches, where each transistor
switch 1s connected in parallel to a corresponding one of
the plurality of serially connected resistors; and

a switch control circuit, responsive to the first and second
control signals, to selectively activate one or more of the
transistor switches to set a vanable resistance value
between the output node of the charge pump unit and the
sense node based on the first control signal or the second
control signal.

7. The semiconductor memory device of claim 1, wherein

the memory array comprises a Flash memory.

8. The semiconductor memory device of claim 1, wherein
the high voltage generator unit comprises a second voltage
generator circuit that generates a high programming voltage
(Vpgm) that 1s applied to a selected wordline of the memory
block during the programming operation.

9. A method for generating operating voltages for a semi-
conductor memory device comprising a memory array having
blocks of non-volatile memory cells, where each block of
memory cells comprises a plurality of word lines each con-
nected to a row of non-volatile memory cells 1n the block, the
method comprising;

generating an oscillating signal;

generating a first control signal to output a programming,
pass voltage (Vpass) from a voltage generator circuit,
which 1s commonly applied to unselected word lines of
a memory block during a programming operation, or
generating a second control signal to output a read volt-
age (Vread) from the voltage generator circuit, which 1s
commonly applied to unselected word lines of the
memory block during a programming verification
operation, the first control signal and the second control
signal being associated with respective operation
modes; and

controlling an mput of the oscillating signal to a charge
pump unit 1n response to the first control signal or the
second control signal to maintain an output voltage level
at an output of the charge pump unit at Vpass during the
programming operation or at Vread during the program-
ming verification operation, respectively.

10. The method of claim 9, wherein controlling the input of
the oscillating signal to the charge pump unit comprises:

in response to the first control signal, detecting when an
output voltage level at the output of the charge pump unit
reaches Vpass during the programming operation and
blocking the input of the oscillating signal to the charge
pump unit to deactivate the charge pump unit and main-
tain the output level at Vpass; and
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in response to the second control signal, detecting when an
output voltage level at the output of the charge pump unit
reaches Vread during the programming verification
operation and blocking the input of the oscillating signal
to the charge pump unit to deactivate the charge pump
unmit and maintain the output level at Vread.

11. The method of claim 10, wherein detecting comprises:

sensing the output voltage level at an output charge pump

unit;

comparing the sensed output voltage level with a reference

voltage level and outputting a comparison signal; and
using the comparison signal to control the mput of the
oscillator signal to the charge pump unit.

12. The method of claim 11, wherein sensing the output
voltage level comprises dividing the output voltage level to
generate a divided reference voltage, wherein the divided
reference voltage 1s the sensed output voltage level.

13. The method of claim 12, wherein dividing the output
voltage level comprises variably dividing the output voltage
level using a programmable voltage divider circuit to generate
a different fist and second divided reference voltage level
according to the first and second control signals, respectively,
for comparison to the reference voltage level during respec-
tive programming and programming verification operations.

14. The method of claim 13, wherein variably dividing the
output voltage level comprises varying a resistance between a

10

15

20

25

14

first node and a second node, wherein the first node 1s con-
nected to the output of the charge pump unit and 1s charged to
the voltage output level, and wherein the second node 1s
charged to the first or second divided reference voltage level
that 1s input to the comparator.

15. The method of claim 9, wherein the semiconductor

memory device 1s a tlash memory.

16. A semiconductor memory device, comprising:

a memory array comprising blocks of non-volatile memory
cells, where each block of memory cells comprises a
plurality of word lines each connected to a row of non-
volatile memory cells 1n the block; and

a high-voltage generator unit to generate ditferent constant
voltages that are applied to the memory array to perform
erasing, programming and reading operations;

wherein the high voltage generator unit comprises a first
voltage generator circuit that selectively generates a pro-
gramming pass voltage (Vpass) or a read voltage
(Vread) 1in response to signals associated with an opera-
tion mode, and which commonly applied applies the
selectively generated voltage to unselected word lines of
a memory block,

wherein the first voltage generator circuit comprises one
charge pump unit to step-up power supply voltage.
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